The mutagenic effect of a common analgesic drug, paracetamol (PC) was evaluated in vivo using sister chromatid exchange in mouse bone marrow and chromosomal aberration analysis in both somatic and germ cells. For chromosomal aberration analysis PC was administrated orally by gavage as a single and repeated doses (100, 200, 400, 800 mg/kg b.wt.). PC induced a significant increase in the percentage of chromosomal aberrations in bone-marrow and spermatocytes which was dose and time dependent. Single oral treatment with PC also induced a dose dependent increase in SCE's frequency in mouse bone marrow cells. Such frequency was found to be statistically significant at the doses 400, 800 mg/kg b.wt. The present study indicates that PC was genotoxic in vivo in somatic and germ cells of mice.
Paracetamol (PC) is a widely used analgesic and antipyretic activity (Giri et al. 1992 , Bergman et al. 1996 . PC has been reported as non-mutagenic in the Ames mutagenicity assay (Dybing et al. 1984, Jasiewicz and Richardson 1987) . However, Flaks and Flaks (1983) detected liver cell tumours in mice, and Flaks et al. (1985) detected bladder carcinomas in rats after chronic feeding of 1% PC. PC has also the ability to cause neoplastic transformation in cultured mouse embryo cells (Patierno and Landolph 1987) .
No chromosomal aberrations were observed when CHO cells were treated with PC with as high a dose as 100 µg/ml for 6 h, but increased frequencies of abnormal cells were observed when cells were treated with 70 and 100 µg/ml for 24 h (Sasaki et al. 1983 ). An increase in the frequencies of SCE in V 79 cells , micronuclei formation in rat kidney cells in vitro (Dunn et al. 1987) and clastogenic activity in human lymphocytes in vivo and in vitro were observed when treated with PC (Watanabe 1982 , Kocisova et al. 1988 . PC has also been reported to induce chromosome aberrations in mice bone-marrow and Chinese hamster CHO-KI cells (Yoshida et al. 1980) and chromosome aberrations in mouse spermatocyte cells (Laxminarayana et al. 1980) .
Considering the extensive human use and in agreement with Kocisova et al., (1988) who reported the need to evaluate the genotoxic effects of this widely used analgesic drug, we recognised the need to study the in vivo genotoxicity of this compound. In the present paper we have studied chromosome aberration and SCE in bone-marrow and spermatocyte cells of mice after in vivo exposure to PC.
Materials and methods

Animals
Mature male Swiss mice 9-12 weeks old, weighing 25-30 g were used in all experiments. The animals were obtained from a closed random bred colony at the National Research Centre, maintained under controlled conditions of temperature and humidity and received food and water ad libitum.
Chemical
Paracetamol (PC) were purchased from Egyptian Int. Pharmacutical Industries CO-A.R.E. (E.I.P.I. CO).
Selection of doses
The doses in this experiment were calculated based on the maximum therapeutic dose of PC being 4 g/day/person (about 66.66 mg/kg). When converted on a surface area basis to the mouse, this dose becomes approximately 800 mg/kg b.wt. (Giri et al. 1992) . We selected the oral route (gavage) for PC administration in this experiment. The maximum therapeutic oral dose for mouse (800 mg/kg b.wt.) selected here for a single oral administration. The other doses were the serial dilution of this dose.
Treatment and cytological preparation
Chromosomal aberration For bone-marrow or spermatocytes, groups of mice (5/dose) were orally treated with a single dose of 100, 200, 400, 800 mg/kg b.wt. PC dissolved in distilled water. Samples were taken 24 h post treatment. For repeated dose treatment, mice were orally treated with 3 and 5 successive daily doses of PC at the dose levels 100, 200, 400 mg/kg b.wt. samples were taken 24 h after the last treatment.
Chromosomes from bone-marrow cells were prepared following the method of Yosida and Amano (1965) . Spermatocyte metaphases at diakinase-metaphase I were prepared according to Evans et al. (1964) . Slides were stained with 7% Giemsa in phosphate buffer PH 6.8 and 100 well spread metaphases were analyzed for each animal scoring different types of aberrations.
Sister chromatid exchange The method discribed by Allen (1982) for conducting in vivo SCE induction analysis in mice was applied with modifications. 5-Bromodeoxyuridine (BrdU, Sigma) tablets weighing 55Ϯ5 mg were placed subcutaneously for 21 h. Mice were orally treated with PC at the doses of 100, 200, 400, 800 mg/kg b.wt. 8 h following BrdU treatment. Mice were injected with colchicine (0.6 mg/kg) 2 h prior to killing. Bone-marrow cells were fixed in methanolacetic acid (3 : 1) and stained with fluorescence plus Giemsa method of Goto et al. (1978) . Five animals were taken for each treatment and 40 well spread metaphases per animal were examined microscopically for SCE's.
In all experiments, treated mice with distilled water acted as negative control while mitomycin C was used as a positive control for a dose of 1 mg/kg b.wt.
Statistical analysis The significance of experimental compared with the respective controls was calculated using t-test.
Results Table 1 represent a detailed study of the effect of PC at different doses on the induction of chromosome aberrations in mouse bone-marrow. The percentage of the induced aberrations increased by increasing the dose and time of treatment of PC. The mean percentage of metaphases with chromosomal aberrations was found to be statistically significant after single treatment with the doses 400, 800 mg/kg b.wt. and the repeated doses 200 mg for 5 consecutive days and 400 mg for 3 and 5 consecutive days even after excluding the number of gaps.
PC induced both structure and numerical chromosome aberrations which represented by gaps, fragments, breaks and Robertsonian translocations. Some metaphases with more than one type of aberrations were appeard (Fig. 1a, b) . Table 2 demonstrated the frequencies and distribution of chromosomal aberrations in spermatocytes after single and repeated doses of PC. The percentage of aberrations was dose and time dependent. The maximum percentage reached 11.20Ϯ0.73 after repeated oral treatment with PC induced abnormal chromosome associations including X-Y and autosomal univalents as well as reciprocal translocations as chain IV (Table 2 , Fig. 1c, d) .
PC induced dose dependent increase in SCE's frequency in mouse bone-marrow cells. The frequency of SCE's was found to be statistically significant after oral treatment with the doses 400, 800 mg/kg b.wt. compared with the negative control group (Table 3 , Fig. 1e, f) .
Discussion
Drugs are considered to be an important group of chemicals. Recently there is a growing concern about possible genotoxic and mutagenic potential of drugs in mammalian cells (Mailhes et al., 1993 , Donya 2002 .
The present study indicates that a significant increase in chromosome aberrations and SCE's in mouse after oral treatment with different doses of PC. The frequency of abnormal metaphases after repeated treatment was higher than single treatment. This may be due to the accumulation effect of PC.
The in vivo study on mice reported by Yoshida et al. (1980) also supports our finding. They found an increase in chromosome aberrations in mice bone-marrow after a single oral or i.p. administration as well as following chronic exposure to PC. The results also in agreement with the finding of Giri et al. (1992) who reported that a single i.p. treatment of PC to mice at doses 50, 100, 200, 400 mg/kg b.wt. increase the frequency of chromosome aberrations and SCE in bone-marrow cells. Kocisova et al. (1988) reported that an in vivo administration of PC on human volanteers was significantly increased chromosome aberrations 24 h after the first application of PC (administered in the form of tablets 3ϫ1000 mg in the course of 8 h).
PC is one of the world's most popular over the counter drugs, however very limited studies on its mutagenic effect in germinal cells have been reported. In this study we found that the percentage of diakinase-metaphase I increased by increasing both the dose and the time of treatment. The number of autosomal univalent aberration type was higher than the sex univalent aberration type. This observations was in agreement with Laxminarayana et al. (1980) . They found that the percentage of diakinase-metaphase I increased after single and repeated oral treatment for 5 weeks with the doses 0.625, 1.25 and 2.5 mg/kg b.wt. PC over that of the control. Also, there was a preponderance of autosomal univalents in all doses over the sex chromosomal ones.
Many carcinogens and/or mutagens are known to induce SCE. (Abe and Sasaki 1982, Fahmy 1999) . In the present study the higher 2 doses only show a significant increase in SCE compared to the negative control. The same result observed by Giri et al. (1992) who found a significant increase in SCE after single i.p. treatment with PC at all the doses tested. Our finding that chromosome aberration and SCE are induced by PC also supports the earlier observations of chromosome aberration and SCE in vitro (Watanabe 1982 , Dunn et al. 1987 .
The induction of DNA damage by PC has also been observed by other authors ). This genotoxic effect may be due to the ultimate reactive metabolite of PC (N-acetyl-p-benzo-quinone imine) (Hinson et al. 1979 . The reactive metabolite may cause arylation and oxidation of essential SH groups on macromolecules and either directly (Albano et al. 1985) or indirectly initiate lipid peroxidation (Albano et al. 1983 , Holme and Jacobson 1986 ). This metabolite is considered to be a relatively soft electrophile (Guengerich and Liebler 1985) . This electrophile causes DNA damage (Giri et al. 1992 , Bergman et al. 1996 .
The conclusion that can be drown from the present investigation is that PC has remarkable cytogenetic effects on bone-marrow and spermatocyte of the mouse when used as high and repeated doses.
